the M-protein by nonproliferating group A hemolytic streptococci was presented by Fox and Krampitz (1954) . The M-protein is the somatic antigen which confers type specificity upon group A streptococci (Lancefield, 1940) . The experiments presented now represent an attempt to define some of the conditions which are required for synthesis of M-protein.
The technique employed was to remove the M-protein from the surface of the streptococcal cells with rypsin and to study the factors responsibleior the de novo synthesis of the protein. This approach was suggested by the experiments of Lancefield (1943) which showed that all traces of the M-protein were removed by trypsin or pepsin and that such streptococci remained viable and virulent for mice. Injection of these treated streptococci into mice gave rise to cells with a normal amount of the specific M-protein.
The M-protein could also be restored by directly subculturing trypsin-treated streptococci into fresh broth.
One might infer from Lancefield's experiments that the resynthesis of the M-protein in vivo or in vitro was associated with cellular multiplication. In the experiments to be discussed, however, M-protein synthesis was initiated in nutritionally incomplete media in the absence of apparent multiplication; furthermore, bacterio- A stock supply of frozen streptococci was maintained in vials containing brain-heart infusion (henceforth referred to as BHI) and 2 per cent defibrinated sheep blood. The contents of one of these vials containing 1 ml were added to 12 ml of BEI and incubated at 37 C for 12 hr. The latter 12-ml culture was used as an inoculum for larger volumes of BHI varying from 200 to 400 ml incubated at 37 C for 14 hr.
Antisera. Type-specific anti-M sera were prepared in rabbits with heat-killed streptococci according to the procedure of Lancefield (1947 Preparation of 8treptococci for M-protein synthesis. In a typical experiment the bacterial cells from 300 ml of a 14-hr culture were removed by centrifugation and suspended in 100 ml of 0.01 M NaHCO, containing 2.5 mg of crystalline trypsin and incubated in a 37 C water bath with occasional stirring for 30 min. After digestion with trypsin, the celLs were centrifuged and washed twice with 150 ml of 0.05 M sodium phosphate buffer, pH 7.0, to free them of trypsin. In spite of these two washings, traces of trypsin were carried along either as insoluble material or adsorbed to the cells. Additional wahings did not remove the trypsin. To prevent the residual trypsin from interfering with subsequent protein synthesis, soybean trypsin inhibitor (2.5 mg per 35 ml) was added to the various media in which the streptococci were resuspended. After trypsinization and washing, the suspension was divided into 6 equal portions and each was used for a separate experiment.
Most of the M-regeneration experiments with trypsinized cells were carried out for 3 hr at 37 C. At the end of this time the cells were removed by centrifugation and suspended in 0.7 ml of 0.2 N HOl containing 0.9 per cent NaCl and heated in a boiling water bath for 10 min to solubilize the regenerated M-protein. The M-protein content of neutralized acid extracts with specific antisera was measured by the capillary precipitin method described by Swift, Wilson and Lancefield (1943) . The precipitin reactions were graded from negative to plus four; doubtful reactions were given the notation, "i%."
Manometric measurements. Large Warburg vessels (135 ml) were employed for manometric experiments because it was observed that fluid volumes les than 15 or 20 ml had an inhibitory effect on M-protein synthesis although respiration and fermentation were not so affected. The cells harvested from 50-ml aliquots of BHI were treated with crystalline trypsin and washed as previously described. These cells were suspended in 2 ml of distilled water in the side arm of the cups and tipped into 33 ml of fluid in the main compartment. At (McIlwain, 1940; Bermheimer et al., 1942; Slade et al., 1951) . The composition of this medium is given in table 3. The organisms grew rather slowly in this medium although large inocula were used. The effect of the various components of this medium was studied. The results are summarized in table 4. The resynthesis of the M-protein occurred only in a complete medium. medium should have little or no effect upon the synthesis.
Difco media, prepared for the microbiological asay of lysine, isoleucine, phenylalanine, and tryptophan, were employed in this study. The results obtained when trypsinized streptococci were incubated in these media are shown in table 5. From these data it may be seen that media devoid of either tryptophan or phenylalanine had little or no effect on the resynthesis of the M-protein, whereas media devoid of lysine or isoleucine supported only a slight synthesis of M-protein. When lysine and isoleucine were added to the respective media, the yield of M-antigen was increased. These media when reconstituted with the missing amino acids supported only minimal growth of Group A streptococci over a long incubation period even when large inocula were used. These media did not support as much synthesis of M-protein as did a complete medium ( Under the conditions employed it is difficult to determine whether or not the biosynthesis of M-protein is associated with cellular multiplication. In view of the exacting nutritional requirements of the group A streptococci it is doubtful that multiplication occurred in those media employed which are considered nutritionally inadequate for the organisms.
The casein polypeptides that stimulated the M-protein synthesis were similar to the strepogenin materials described by Sprince and Woolley (1944) and by Slade (1951) as growth factors for streptococci and lactobacilli. The observation by Woolley and Merrifield (1954) concerning the strepogenin activity of the synthetic polypeptide hormones, oxytocin and arginine-vasopressin (du Vigneaud et al., 1953a (du Vigneaud et al., , 1953b Peters and Snell (1954) have shown that antagonisms between certain amino acids as growth factors for lactobacilli may be alleviated by the addition of a peptide containing one of these amino acids. They suggest that the stimulating effect of these peptides may be merely due to the relief of these antagonisms.
At the present time there is no direct evidence for the participation of peptides in animal or microbial protein synthesis. The indirect evidence that has been accumulated falls in two main categories, (1) the stimulatory effects (already cited) of peptides on bacterial and animal growth, and (2) the demonstration of a nonuniform incorporation of radioactive amino acids into enzymes synthesized by animal tissues (Steinberg and Anfinsn, 1952, and Vaughan and Anfinsen, 1954) . The latter phenomenon implies that these labeled amino acids may be in equilibrium with pools of intermediate reactants, namely peptides. Halvorson and Spiegelman (1952 
